WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Intemational Bureau 




PCT 

INTERNATIONAL APPUCATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Internatloiial FM«nt Classiflcation ^ ; 
A61K 31A5 



Al 



(11) Internalioiial PubUcatkm Number: WO 97A3504 

(43) International Publkatioa Date: 17 April 1997 (17.04.97) 



(21) International Application Number: PCr/HU96/O00S3 

(22) International Filing Date: 26 Sqstember 1996 (26X)9.96) 



(30) Priority Data: 
P 95 02843 



29 September 1995 (29D9.95) HU 



(71) Applicant: MEDGENE LIMTTED l-/-]; Pasca Estate, P.O. 
Box 31 49, Road Town, Tortola (VG). 



(71)(72) Applicant and Inventor: LITERATI NAGY, 
[HU/HU]; Jablonka u. 6!/b. H-1037 Budapest (HU). 



Pdccr 



(72) Inventors: SOMEGI, Baito; Horaokko u, 7. H.7634 P6cs 
(HU). ViGH, Usz\6\ KiJdndai u. 9/A, H-6726 Szeged 
(HU). MARESCA, Bnino; Via Vescovado, U, 1-80069 
Vico (IT). 

(74) Agent: ADVOPATWT; Office of Patent Attorneys, P.O. Box 
n, H-1251 BtKlapest (HU). 



(81) Designated States: AL, AM, AT. AU. AZ. BB, BG. BR, BY. 
CA, CH, CN. CZ, DE, DK. EE, ES, FI, GB, GE, IL, IS, JP. 
KE, kg. KP, KR, KZ. LK, LJl. LS, LT, LU, LV, MD, MG, 
MIC MN, MW, MX. NO, NZ, PL. PT. RO. RU. SD, SE. 
SG, SI, SIC, TJ. TM. TK, IT, UA, UG. UZ, VN. ARIPO 
patent (KE. LS. MW, SD, SZ. UG), Eurasian patent (AM, 
AZ, BY. KG. KZ. MD, RU, TJ, TM). European patent (AT, 
BE. CH, DE, DK. ES. H, FR, GB, GR. IE, fT. LU. MC. 
NL. PT, SE). OAPI patent (BP. BJ. CP, CG, Q. CM. OA, 
GN, ML, MR, NE, SN. TD. TG). 



Published 

With intemationai search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: PHARMACEUTICAL COMPOSITIONS CONTAINING HYDROXIMIC ACID DERIVATIVES 



(57) Abstract 

The invention refers to pharmaceutical composi- 
tions suitable for the protection of Che mitochondrial 
genome and/or mitochondrium from damages or for tlie 
treatment of diseases connected witfi such damages, said 
compositions comprising a hydroximic acid derivative 
of fomiula (I) or a phamiaceutically acceptable acid ad- 
dition salt thereof. 
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PHARMACEimCAL COMPOSITIONS CONTAINING 
HYDROXMC ACID DERIVATIVES 



The iavention refers to phannacradcal compositions suitable 
for the protecdon of the mitochondrial genom and/or mitodiondrium 
from damages or for the treatment of diseases connected with sudi 
damages, said compositions comprising a hydroximic add derivattve 
of the formula 

X R Y 
R'.A-C.N-O.CH2-CH.CH2-N^ 

R^ 



B 



wherein 

represents a hydrogen or a C1.5 aDcyl group, 
r2 stands for a hydrogen, a C1.5 aDcyl ffonp, a Cy^ cycloalkyl 
group or a phenyl group optionally substituted by a hydroxy 
orapheaylgroiv,or 
R^ and R^ togetho^ with die nitrogen atom they are attached to form a 
S to 8 membered ring optional^ containing one or more 
fiuther nitrogen, oxygm or sulfiir atom(s) and said ring can be 
condensed widi another aficycUc or heCerocydic ting, 
preferabfy a benzene, nqihthaleae, quinoline, isoquinoUne, 
pyridine or pyrazoline ring, fiirtfiermore, if desired and 
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are present in the form of an oxide or dioxide, 

means . hydn.g«, . ph^y, g,,„p ^ oaphthyigroup or a 

I^dyl group vAerein said groups can be substitmed by one 
more halo atom(s) or Cm alkoxy group(s), 

Y is a hydrogen, a hydroxy group, a C..« alkoxy group 

optionally substituted by an amino group, a C^.,, 

polyalkenyloxy group containing 1 to 6 double bond(s) a C, 

alkanoyl group, a C,^ alkenoyi group or a group of the' 

fonnula R^^OO-. herein represents a C.30 polyalkenyl 
group containing 1 to 6 double bond(s), 

X stands for a halo, ai, «mno group, a ci alkoxy group, or 
A fonns with B an oxygen atom, or 

XaodYtoged.ervaththecarbonatomsthey are attached to and the 
-NR-(M;h, group being between said caibon atoms form a 
lingofdiefonnula 



wherein 

Z represents an oxygea or a nitrogen, 
R stands for a hydrogen or 
R fonns widi B a chemical bond. 
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A is a Cm alt^lene group or a diemical bond or a group of the 
formub 

I I 

KCHX„-(CH).- b 

wherein 

rqiresents a hydrogen, a Cls alkyl grotq), a Cy^ cydoalkyl 
group or a phenyl group optionally substituted by a halo, a 
Cm alkoxy group or a C1.5 alkyl groiq), 
stands for a hydrogen, a Cm aDcyl groiq) or a phenyl groiq), 
m has a value of 0, 1 or 2, 
n has a value of 0, 1 or 2, 
or a pharmaceuticaUy accqitable.acid addition sah thereof as the 
active ingredient. 

HU-P No, 177 578 and its equivalent US-P No. 4,308,399 
describe hydroximic acid derivatives widiin die compounds of die 
formula I suitable for die treatment of diab^c angiopathy. 

HU-P No. 207 988 and its equivalent E-P No, 417 210 also 
describe hydroximic acid halogenides widiin the foimula I having a 
sdective beta-blockmg eflfect, dius, bemg suitable for die treatment of 
diabetic angiopathy. 

HU-P Application No. 2385/92 published under No. T/663S0 
describes further hy droxunic add derivatives within the formula L 
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n»ese knoMOi compouods can be used in the treatment of vascular 
deformations, mainly in the therapy of diabetes mellitus. 

It is wen-known diat die nuclear genom of a human ceD 
encodes about 100 000 genes, but in d,e cytoplast diere is dso a small, 
independent mitochondrial geaom /Wellace. D.C., Science. 256, 
628-632(1992)/. 

The mitochondrial genom codes only for 13 genes /Chyton. 
D.A.. Cell. 28. 693-705 (1982)/. but widiout them die ceD is unabk to 
consume d.e oxygen, dierefore. as an effect of the damages in the 
mitochondrial genom, the cell becomes anaeiobic. Unlike die midear 
genom, die mitochondrial genom does not have a DNA repair 
capacity and die mitochondrial DNA (mtDNA) is not smrounded by 
histons wUch makes die mitochondrial genes much more vuhicrable 
dun die nuclear encoded genes /Tzagolofl^ A., Myer. A.M. Amiu. 
Rev. Biochem., 55. 249-285 (1986)/. More dian 90 % of die oxygen 
consumption of a ceD takes place in die mitochondrial inner 
membrane where besides nonnal oxidation also oxygen free radicals 
are foimed /Sttyer. L.. Biochemistiy, 4d, edition, W.R Freeman and 
Co., New York, 1995/. Such free radicals can easily modify die 
mitochondrial DNA in die iminediate vidnhy of dieir fonnation. TTie 
foimation of die reactive oxygen free radicals significantly increases 
e g. during die reoxigenarion following an ischaemia which increased 
free radical concentration may cause considerable and iireveraible 
damages to die mitochondrial DNA /Maridund, S.L., J. MoL CeJL 
CaidioL, 22. (Supplement 0), 23-30 (1988y. Even under noimal 
circmnstances. free radicals cause minor but accmnulative damages to 
die mtDNA. Therefore it is understandable diat die damages of 
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mtDNA increase by age AVellace, D.C., Annu. Rev. BiodienL, 6L 
1175-1212 (1992)/, ahhou^ the level of sudi damages depends on 
the individual, and that such damages of mtDNA may well cause the 
development of cardiomyopathy and neurodegenerative diseases in 
ddeify people /Coitopassi, GA, Axnheim, R, Nucleic Adds Res., 
IS, 6027-6033 (1990)/. 

Through damages of the energy metabolism of a cell, the 
damages of die mitochondrial genom can cause severe iDnesses such 
as myopathy /Luft, R., Proc. NatL AcaA Sd USA, iL 8731-8738 
(1994)/, dilatative or hypertrofic cardiomyopathy /Ozawa, T. et aL, 
Biochem. Biophys. Res. Commun., 120, 830-836 (1990)/, 
furthermore may have a role in the aggravation by age of a number of 
neurodegenerative diseases (sudi as Paildnson*s disease, Huntington's 
disease, AMeimer's disease) and of the severe symptoms of diabetes 
/Luft, R, cited pubhcation/. 

In a munber of the above diseases (e.g. the myopathy), a 
treatment with antioxidants was applied (treatment with coenzyme Q 
and vitamin C) /Shoflfiier, J.M., Wallace, D,C-, Adv. Hum, Genet, 
12, 267-330 (1990)/. These treatments bring results only occasionally. 
Fuidier test treatments were made to avoid damages of after- 
ischaemia leoxidation applying antioxidani and metabolic dieiqyy, 
using lipoamid. Lqioamid corrects the damages to the heart caused by 
the ii^cbiiftmia on one hand by its antioxidant effect, on die other hand 
by its positive influence on the mitochondrial metabolism /Sfimegi, 
Babzs et aL, Biochem. J., 297, 109-113 (1994)/. Without a profound 
knowledge of the damaging process, no breakthrougli therapy has 
been developed yet 
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Based on the above, there is a need for the developmeat of a 
pharmaceutical product which can protect the nutochonddal genom 
fiom damages or aJso prevent such damages. 

It was found that the compomids of the fonaula I are able to 
protect the mitochondrial genom from damages, thus, they are 
suitable for the protection of the mitochonrial genom and/or 
m«ochondrium from damages or for the treatment of diseases 
cmmected widi such damages. Examples of diseases of mitochondrial 
origin: 

KSS (Keams-Sayre's syndrome), 

MERRF (myoclonus epilepsy and nigged red fibere 
syndrome), 

LHON (Lebei'shereditaiy optic neuropathy), 
MELAS (mitochondrial myopathy, encephalopatiiy. 

hctic acidosis and stroke-like episodes), 

Leig^ disease, 

CPEO (chronic progressive external phthahnoplegia), 

Acer's syndrome. 

Examples of age-dependent degenerative diseases where d,e 
mitochondrial genom has been damaged: 
Neurodegenerative diseases: 

Alzheimer's disease, 

Parkinson's disease, 

ALS (amyotrophic lateral sclerosis), 

^ (Ibmtington's disease), 

Cardiomiopatfaies and other myopathies. 
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Thus, the inventioQ refers to pharmaceutical compositions 
comprising 0. 1 to 95 % by mass of a hydroximic acid dOTvative of 
the formula I or a pharmaceutically acceptable acid addidon salt 
thereof as the active ingredient in admixture with one or more 
conventional carrier(s). 

In the specification and Claims, a C1.5 alkyl groiq) is, 
for exaiiq>le, a methyl, ethyl, n-propyl, isopropyl, n-butyl or n^entyl 
group, peferabfy a methyl or an ethyl group. 

A Cm cycloalkyl group is, for example, a cyclopropyl, 
cyclopentyl, cyclohexyl, cyclohq)tyl or cyclooctyl group, preferably a 
cyclopoityl or a cycloh&cyl group. 

A S to 8 membered ring containing one or more heteroatooi(s) 
can be, for example a pyrrole, pyrazole, imidazole, oxazole, thiazole, 
pyridine, pyridazine, pyrimidme, pqierazine, moiphoUne, indole, 
quinoUne etc. ring. 

A C 1.24 alkoxy group is, for example, a metfaoxy, edioxy, 
n-propoxy, tert-butoxy, n-pentoxy, decjdoxy, dodecyloxy, 
octadecyloxy etc. group. 

A Ci.25 alkanoyl group is, for example, a formyl, acetyl, 
propionyl, butiiyl, caproyl, palmityl, steaiyl etc. group. 

A Cm alkenoyl group is, for example, an aciyloyl, pentenoyl, 
hexenoyl, heptenoyl, octenoyl etc. groiqp. 

A Cm alkylene group is, for example, a mediylene, Xylene, 
propylene or butylene group. 

A halo atom is^ for example, a fluoro, chloro, bromo or iodo 
atom, preferably a diloro or a bromo atom. 



wo 97/13504 



PCT/HU96/00OS3 



If Y Stands for a group of the fonnula R^COO-, it can 
represent, for example, a linolenoyl. linoloyl, docosahexanoyi, 
wcosapentanoyl, arachidoaoyl etc. group. 

The pharmaceutically acceptable acid addition sahs of the 
compounds of the fonnula I are the acid addition salts formed with 
pharmaceutically acceptable inoiganic acids such as hydrochloric acid, 
sulfuric acid etc. or with pharmaceutically accq,tablc organic acids 
such as acetic add, fumaric add, lactic add etc. 

A preferred subgroup of die compounds of die formula I 
consists of die hydroximic add derivatives of die fonnula 

I 

R'-(CH)„-(CH)„.C-X 

N-0-CH2.CH.CH2.N n 

Y \r= 

vAerein K\ R^ R'. R^ „, and n are as stated m rehtion to fonnuh 
I. X represents a halo atom or an amino group, Y means a hydroxy 
group. 

EspedaDy prefened compounds of die fonnda D are diose 
v*erdn R' and R^ togedier wid. die nitrogen atom diey are attached 
to fonn a piperidino group, R' stands for a pyridyl group, m and n 
have a vahue of 0, X is as defined above. Of diese compomids, 
preferred qiedes are as foDows: 

0-(3.piperidino-2-hydroxy.l^ropyl)pyrid.3-ylhydroximic add 
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chloride (Compound '^A'*) and 

0-{3-piperidmo-2-hydroxy-l-propyl)nicotmic amidoxime (compound 

A further preferred subgroup of die hydroximic add 
derivatives of the formula I consists of the compounds of die formula 



OH R' 
R'-A-C-NH-O-CHj-CH-CHj-N'^ m 

"^R= 

viiierem R', R*, R' and A are as stated m relation to fonnula I. 

Anodier preferred subgroiq) of the hydroximic acid derivatives 
of the formula I consists of the compounds of the fonnula 

CHv ^R^ 

R'-A-C Cft IV 

N O 

wherein R*, R^ R^ and A are as stated in relation to foimnla I, Z 
rqiresents an oxygen or a nitrogen atom. 

A stiU fiutber prefmed subgroup of die hydroximic add 
derivatives of the formula I consists of the compounds of the formula 



OR* OH ^R' 



R'-A-C = N-0-CH2-CH-CH2-N 
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Wherein R', R^ and A are as stated io relation to fonnula I, R* 
stands for a Cm alkyl gmmp. 

The compounds of the fonnula I can be prepared by the 
processes known fiom HU-P Nos. 177 578 and 207 988 as wefl as 
from HU-P Application pubHshed under No. T/66350. 

The pharmaceutical composition of the invention 
comprises 0.1 to 95 »/, by mass, preferably 1 to 50 by mass, 
espedally 5 to 30 % by mass, of a hydroximic acid derivative of the 
fonnula 1 or a phannaceutically acceptable acid addition sak diereof 
as the active ingredient and one or more conventional caiiiei<s). 

The pharmaceutical composidons of the mvention are suitable 
for peronU, parenteral or rectal admmistration or for local treatment, 
and can be solid or liquid.. 

The soUd phannaceutical compositions suitable for peroral 
administration may be powders, capsules, tablets, fihn-coated tablets, 
microcapsules etc.. and can comprise binding agents such as gelatine, 
sorbitol. poMvinylpynolidone) etc.; filling agents such as hctose, 
glucose, stareh. calchmi phosphate etc.; auxihaiy substances for 
tabletting such as magneshim stcarate, talc, poly(ediyIeneglycol). silica 
etc.; wetting agents such as sodium kurylsulfate etc. as die earner. 

The Uquid phannaceutical compositions suitable for peroral 
administration may be sohitions, suspensions or emulsbns and can 
comprise e.g. suspending agiats such as getatine. 
caitoxymetftylcellulose etc.; cmulsifieis such as soAitane monooleate 
etc.; solvents such as water, oils, piopyleneglycol. etfaanol etc.; 
preservatives such as mediyl p-hydroxyben2oate etc. as die earner. 
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Phannaceuticai composhioiis suitable for parenteral 
administratioii consist of sterile solutions of the active ingredient, in 
general. 

Dosage fonns listed above as weD as other dosage forms are 
known per se, see e.g. Remington's Pharmaceutical Sciences, 18th 
Edition, Mack Publishing Co., Easton, USA ( 1990). 

The pharmaceutical compositions of the invention contain, 
generally, unit dosage. A typical daily dose for adult patients amounts 
to 0.1 to 1000 mg of the compound of the formula I or a 
phannaceudcally acceptable add addkon salt thereof The above dose 
can be administered in one poition or in more portions. The actual 
dose depends on many factors and is determined by the doctor. 

The phannaceuticai compositions of the invention are 
prepared by admixing a compound of the formula I or a 
pharmaceutically acceptable acid addition salt thereof to one or more 
canier(s), and converting the mixture obtained to a pharmaceutical 
con^osition in a manner known per se. Useful methods are known 
from the literature, e.g. Remmgton*s Pharmaceutical Sciences. 

Another embodiment of die invmtion consists of a use of a 
conipoinld of the formuh I, vAoem R, K\ K\ X, Y» A and B are 
as stated in rehtion to formula I, or a pharmaceutical^ acc^table 
acid addition salt th^eof^ optionally in admixture with one or more 
canier(s) commonly employed m pharmaceutical compositions for 
the preparation of a pharmaceutical composition useful in the 
protection of the mitochondrial genom anmd/or mitochondrium from 
damages. 



wo 97/13504 



PCT/HU96/00053 



12 



A sdn another embodiment of the invention consists of a use 
of a compound of the fonnula I. wherein R. wherein R', R', x, Y, 
A and B are as stated in rehition to fonmila I. or a pharml,ce,itic% 
acceptable add addition sah thereof; optionally m admixture with one 
or more cairiei(s) commonly employed in pharmaceutical 
compositions for the preparation of a pharmaceutical composition 
usefid m the treatment of diseases comiected wid» die damage of the 
mitochondrial genom and/or mitochondrium. Such diseases inchide 
especially myopadiy. cardiomyopadiy as weD as neurodegenerative 
diseases such as Alzheimer's disease. Parkinson's disease or 
Huntmgtoii's disease. 

According to a preferred use of the mvention, a hydroximic 
add derivatives of the formula II, wfaerem R'. R^ R', K\ R', X, Y m 
and n are as stated in reUtion to formub D. or a phannaceJtiadly 
acceptable add addition sah thereof is employed. 

In accordance with a stiU preferred use of die invention, a 
compound of the foimuU n. wherdn R' and R^ togetiier with die 
nittogen atom they are attadied to fonn a piperidino group, m and n 
have die vahie of 0, X and Y are as stated in relation to formula U, or 
a pharmaceutically acceptable add addition saU diereof is employed. 

Accordmg to an especially preferred use of die mvention 0-(3- 
piperidino-2-hydroxy.l^ropyl)pyrid.3.yIhydroxmuc add ddoride or 
0-(3-piperidino-2-hydroxy-l-propyl)nicotinic amidoxime or a 
pharmaceutically acceptable add addition sah thereof is employed. 
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In vitro tests 

The mitodiondnal geaom protecdon effect of the hydroximic 
acid derivatives of the fonrnda I was tested by their ability to protect 
the oxidative {dio^hoiylatioii, in vhro. The dieoKdcal background of 
the tests is that die eneigy needed for die cells is produced by die 
adeoozm-triphosphate (ATP) which is syndiesized in die 
mitochondrium. The abnormalides of die substrate transport, die 
otrate padiwax, die defect of the respiratory complexes and a 
disconnect m the oxidative pho^hoiylation mtails a disturbed eneigy 
suppty of die eel In die test die oxidative phosphoiylation was 
damaged by applying heat-shock on Sacharomyces cerevisiae yeast 
cells and K562 human eritroleukemic cells and die protective eflFect of 
compound "B" was determined. 

It is known diat one of the damagmg effects of the heat-diock 
diat is develqjped unmediately, Le. widiin a few minutes, affects die 
mitochondrium by disconnectmg die resphatoiy chain from die 
oxidative phosphoiybtion. Tests usmg chemical uncoupleis showed 
that protons punqied into die ^ace between die inner and outer 
mitdiondrium membranes by die enzyme conqilexes of the 
respiratoiy cham during elecbon transport get back to die inner space 
due to die effect of die uncouplers, dius, no ATP is syndiesized Due 
to heat-shock, diere is a similar process going on vMdk resuhs in a 
rapidly decreasing energy supply to the cells. 
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Matoials used in testing: 

Sacharomyces ceievisiae ceU culture. The S288C haploid wfld-type 
ceD line was cultured on a YPG medium that contained 1 % of yeast 
extract, 2 % of peptone and 3 % of glyceroL The cuhure was shaken 
on a Uquid medhun in a water bath at 25 "C under aerobic conditions. 
The KS62 culture. 

The K562 eritroleukemic type cell hne of human dironic myeloid 
leukemic origm was cultured on an RPMI 1640 liquid medium in the 
presence of 10 % of calf senim, at a temperature of 37 *C, m a wet 
gas mixture containing 95 % of air and 5 % of carbon dioxide. 
Oligomycin. 

Caiboiqrlcyanide m-diloFophenylbydrazone (GI-CCP) manu&cturer: 
Sigma Chemicals Co., St Louis, USA). 
Oxygen consumption was measured in the foOowing way: 
The ceDs were centiifiiged during their logarithmic growth phase and, 
in case of the Saduuromyces cerevisiae, were taken in a tenfold 
amount of YPG medium containing 1 % of mannose instead of the 2 
% of gfyceroL In case of die K 562, after the separation, die cells 
were taken in a 4x10* cdl/ml concentration in an RPMI 1640 medium 
containing 20 mM of HEPES. The oxygen consumption was 
measured m a 2 ml thennosuted cuvet, with Clare's electrode. Details 
of the method are desofted in the following article: Patriarca, E. J. 
and Maresca, B. Experimental Cell Research, IgO, 57-64 (1990). 
Stimulation of the respiratoiy rate is given in % usmg die fonnula: 

One hour before the heat-shock, after the separation, 10*^ 2.5xl0"-\ 
5x10 * M of compound "B" and solvent (PBS le. physiological 
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sodium chloride sohidon containing pho^hate buffer), re^ecdvely, 
were added to the medium. The heat-shock was carried out by 
keeping the cuhure at 42 "C for S minutes instead of the original 
temperature of 25 In case of the K562 cells the culture was kept 
at 48 ""C for 10 minutes instead of the origmal 37 "C. 

It has been noted during the experiments that the heat-shock 
significantly uncoupled the electron transit chain firom the ATP 
synthesis in both the Sadiaromyces cerevisiae and K 562 cdls. 

The results obtained are shown in Tables 1 and 2 where the 
method of treatment is displayed together with die stimulation in % 
and die obtained protection m %. 

Table 1 

Protection of the oxidative phosphorylation of Sadiaromyces 

cerevisiae 

Treatment Stimulation, % Protection, % 



25 99 ± 13 

42^C + solvent 8+2 0 

42**C+ IxlO-^M 33+ 5 27 

compound "B** 

42 ^C + 2.5x10'^ M 47 ± 4 43 

compound **B" 

42**C + 5xlO-^M 43+ 5 38 

compound "B** 
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Table 2 

Protection of the oxidative phosphorylaWon of the K 562 



Treatment Stimulation. % 



Protection, % 



^'^"^ 117±22 
48 'C + solvent 27+3 
48°C+IxlO-^M 70+8 
compound "B" 

48 °C + 2.5x10 -^ M 95+11 
compound "B" 

48"C + 5xlO-^M 97+11 
compound "B" 



0 
36 

57 

58 



Data of Tables 1 and 2 demonstrate that tiie application of compound 
-B- midoubtedly provided an mcreased protection to the cells by 
preventing the uncoupling of fl,e mitochondrial respimtoiy complexes. 

In die examined range, tiie optimal concentration of die 
compound "B" was 25 micromoles. In additon to n*rining die proper 
cell functions, most probably indirecdy prevents die formation of 
oxygen free radicals. From diis we can conchide diat die compound 
"B" provides protection against damages of die mitochondrial genom. 
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Protection of the mitochondria from heat induced uncoitpUng 

Under normal circumstances the re^iratory complexes pump 
out proton durmg the oxidation of NADH creating a proton gradimt 
in the two sides of the inner mitochondrial membrane. This proton 
gradient provides eneigy to ATP synthesis from ADP and inorganic 
pho^hate. The protons can only reenter tiie inner monbrane ^ace 
tbrou^ FiFoATPase utilizing the energy of proton gradient for ATP 
synthesis from ADP and inorganic phosphate (Pi). In the absence of 
ADP or Pi, the proton gradient increases and inhibits the respiratory 
complexes and the mitochondrial oxygen consumption. However, if 
there is any damage in die inner membrane, die protons can reenter 
the inner membrane space throu^ die damaged region, and the 
energy of proton gradient is not utilized by FiFoATPase, and so the 
mitochondrial oxidation becomes ADP independent (mitochondria 
becomes uncoupled). 

It is well known that heat-stress can induce an uncoupling of 
mitochondrial oxidation from mitochondrial energy (ATP) production 
wfaidi is the consequence of heat-stress induced mitochondrial inner 
membrane damage. In die damaged membrane r^ons, protons leak 
back from the mtermembrane space to mnennembrane con^iartment, 
thus, the mitodiondrial oxidation becomes ADP indq>ende&t 

For the test, mitodiondria were isolated from control rats or 
from rats treated widi 40 mg/kg of compound ""B** 6 hours before 
preparation, the preparation taking place as described by Sumegi et 
al, I BioL Chem-, 259, 8748 (1984). Oxygen consumption was 
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detemuoed with Clait electrode in a chamber at 37 »C. The rate of 
oxygen consumption in the presence of 5mM of ADP as weU as in the 
absence of ADP is detennined and shown in Table 3 both for 
mitrcated mitochondria and mitochondria preincubated for 8 minutes 
at42°C. 

Table 3 

Protection of the mitochondria from heat induced uncouplmg 

Treatmoit 

MitnfjuMnlriti 

None 8 nun. at 43 "C 



Ratio of mitochondrial oxygen consunqition in die 
presoice versus in the absence of ADP 

C<wtrol animals 6+0.8 
Compound 13" treated 
«"™als 6.2 ± 1.0 

Data diown are the average ± standard error of three experiments. 

It can be seen in Table 3 diat under normal conditions, die 
mitochondrial oxidation is approximately 6 dmes fiister in die 
presence of ADP dian in ADP free medium showing a good coupling 
between mitochondrial oxidation and ATP syndiesis. However, heat- 



2.7+1.1 
5.0+1.2 
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Stress significantly decreases the coupling of mitochondria, and in die 
control cases diis value decreased (2.7) but in the mitochondria firom 
animals pretreated with compound "B" stiO preserved a relatively hi^ 
coupling ratio (5.1). These data show diat the compounds of die 
formula I and e^edalty compound protected the mitodiondrial 
energy production (ATP synthesis) from heat-stress caused damage. 

Protection of diolinergic neurons from hydrogen peroxide 
induced cell degeneration 

It is weO known that hydrogen peroxide causes oxidative cell 
damage tiirough generating oxygen related free radicals in cells. 
Therefore, hydrogen peroxide induced cell damage can be used as a 
general model for neuron degeneration. SN6. 10.2.2 hybrid , N18TG2 
+ ED15 septal neurons cell-line /Hammond et aL, Science, 234. 1237 
(1986)/ were used to smdy the protecting efifect of the compounds of 
the formula I against oxygen relateed free radical caused ceD damage 
which is the mam pathway in most neurodegenmtive diseases. 

For the test, the cdls were divided into two groups on 96-wells 
plate. One of the groups was maintained in the medium containing 
compound "^B" (40 mgA), another one was maintained int the base 
medhim. The treatment was staited 24 hours after dividing. Botihi of 
the groiqps were treated with their medium containing different 
concentrations of hydrogen peroxide. The survival test was perfbimed 
after 48 hours' treatment periods. 
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Survival test: 

The medhun was removed from the well, die cells wotc rinsed 
with sterile PBS and diea 150 of alkaline phosphatase substrate 
dissolved in 150 pg of fresh diethanolamine buflfer (pH 9,8) was 
added to each well Plates were incubated at 30 "C and the reaction 
was stopped by adding 50 |il of sodhim hydioxide to each weH The 
absortiance was measured at 405 nm by Dynatech ELISA reader and 
peripheral weDs of each plate containing only medhun were utilized 
for blank background determination. 

The results obtained are siiown in Table 4. 

Table 4 

Protection of cholinergic neurons from hydrogra po^oxide induced 
cell tysis by compound "B" 

Medium Medhun with conq)ound "B" 



control 100 % lOO % 

60 mM H2O2 1 1±2 % 63±4 % 

120 mM HiOz 8+3 % 52±5 % 



Table 4 shows that the compound of the formula I tested (Le. 
compound "B") effectively protects cholmergic neurons Bom 
hydrogen peroxide mduced cell lysis. Smce hydrogen peroxide kills 
cell by generatmg a large quantity of oxygen related free radical, 
compound "B" can protect neurons in any diseases w*ere neuronal 
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damage is associated with oxygen related free radicals. Therefore, 
compounds of the fonnula I can be advantageous in Parkinson's 
disease. Amyotrophic Lateral Sclerosis (ALS), Huntington's disease 
and several dementia of mixed origin /Ufe Sciences, 56i 1151-1171 
(1995)/. 

In vivo tests 

The mitochondrial genom protective effect of die hydroximic 
acid derivatives of the formula I was also tested in vivo, treating rats. 
Vistar rats were treated daily with AZT (3 -azidodiymidine, 
manufacturer Sigma Chemicals Inc.) in a dose of 50 mg/kg for 14 
days. Certain test goiq)s were treated widi AZT in combination either 
with die compound "A** (daily dose of 20 mg/kg) or widi die 
compound "B" (daily dose of 40 mg/kg). During and after the 
treatment various measurements were made. 
1) Schiller AT-6 ECG was used to monitor cardiac function of 
the animals, on all four limbs. The ECG parameteis were cvahiatcd 
using a standard mediod desoribed m the tedmical literature /Kawai, 
Takatsu, T,, New EngL J. Med., 293. 592 (1975); Angehikos, 
ET.. Bcmaidini, PJ. AppL PhysioL, 18. 261-263 (1963)A Wc have 
detennined the RR, PR and TQ mtervals and the J pomt depressions. 
The results obtained are shown in Table 5 vAere vahies are presented 
as the average of 5 measuremmts widi ± standard deviation. 
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Table 5 

EflFect of compound "B" on the AZT induced caidiac function 
abnoimaMes (cardiomyopathies) 



PR QT(ms) J (mm) 



Before treatmoit 
Treatmoit for 14 


n4±12 


53±2 


70±2 


-0.110. 1 


days with daily 










50 m^g of AZT 
Treatment for 14 


284116 


82+3 


112+9 


-l.l+O.l 


days with daify 










50 mg/kg of AZT 










and 40 mg/kg of 










compound "B" 


161+24 


47+6 


76+5 


-0.2+0.14 



Data of Table 5 demonstrate that as an effect of the AZT treatment, 
compared to the control group, the animal heart fiequency was 
significantly prolonged (RR) and also the PQ intervals were increased. 
Fuithermore, the QT vahie increased significantly and in leads I and 
VL which represent die main muscle mass of the left ventricle, 
significant J point depressions (over 0.1 mV) were found. These 
parameters characterize a developed myocardial ischaemia or a 
defective oxygen consumption. However, in cases when, in addition 
to AZT, also compound "B" was administered to the lats in a daily 
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dose of 40 mg/kg, the heart parameters returned to the normal range, 
that is the compound protected the heart firom die abnormalities 
induced by AZT. 

2) The reqniatoiy activity of die animals was detennined. In 
doing so the activities of the NADH: cytoduome C oxidoreductase, 
cytodirome oxidase and ckrate ^thase were detennined wifl» 
mediods described in the technical literature /Samegi Balazs et aL; 
Clin. Chim. Acta., 192, 9-18, (1990)/. (NADH: nicotinic add adenine 
dmucleotid, reduced form). The resuhs obtained are shown m Table 6. 

Table 6 

Effect of compounds "A" and "B" on the AZT induced decrease in 
the respiratory activiQr 

Treatment Cytochrome NADH: cytodurome C Citrate 
oxidase. oxidoreductase synthase 
unit/gram wet tissue 

292+28 
242+19 

262±47 

271+11 



Control group 14.7+1.6 11.6+0.7 

AZT 8.7+2 9.5±0.2 

AZT+compound 

"A" 10.3+1.2 ll.3±0.5 
AZT+compound 

"B" 11.8+1.3 10.5±1 



wo 97/13504 



PCT/HU96/00OS3 



24 



It ^ well demonstrated in Table 6 that the A2T treatment si^cantly 
deceases the activity of the respiratory complexes in the 
mitochondria of the heart. In this way, AZT remarkably educes the 
oxKlatn^ energy production in the heart M*ich can lead to a state in 
yt the heart is m,able to properly perform its basic fbnction (see 
Table 5. ECG data). Besides this, a decn^ capacity of the 
nmochondrial respiration can lead to an abnormal mitochondrial 
metabohsm vMck may cause ftrther heart damages. 

When AZr was administered to animals in combination wid, 
the compomid "A" or "B". its respir«ory activity decreasing effect 
almost disappeared and the respiratory .ctiv^,y vahres stayed close to 
normal. TTuit is Ae tested dompomrds of the formuh I significantly 
decreased the AZT induced mitochondrial membrane damages by 
protectmg the respiratory complexes. 

3) The damages to the mitochondrial genom were examined 
Damages to the mitochondrial genom were determined applying the 
PGR method. (PGR: pofeerase chain reaction). Tire primers were 
selected by amplifying the range from the cytochrome oxidase 
component I to the cytochrome B in order to look for deletions. (Tie 
pnmers were purchased from the Ransonhill BioSdence Co ) He 
method applied is described in the publication of SOmegi. Balazs et al 
/B.B.A. (i996)/ which publication is being edited. Using PCR primers 
m amplifying the region 4929 to 16298 of the mitochondrial genom 
showed that 0.5 and 1.5 kb r^ges significantly amplified in AZT 
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treated rats. At the same time, no amplifidation of such short ranges is 
seen on the animals of the control ffoxxp. It is undostandable that an 
undamaged gcnom does not ampHfy short DNA ranges as in diese 
tests the primers are more than 1 1.3 kb from each odier. The fact diat 
such short DNA ranges are amplified in AZT treated rats shows that, 
due to the AZT treatment, 10 kb ranges are deleted from die 
mitochondrial genom and it is in sudi damaged genoms that the 
primers become as close to each other as O.S - 1.5 kb. As a 
conseqeuence, the DNA range can be amplified. The anq)lification of 
such DNA ranges shows the damage to the mitochondrial genom, that 
is the partial or complete deletion of the genes coding for the 
subgroups I, n and DI of the cytochrome oxidase, of the genes 
encoding for ATP 6 and 8, the gaies coding for Complex I or 
NADH: ubiquinone oxidoreductase 2, 4, 4L, 5 and 6, and coding for 
cytochrome B. 

When AZT was administered to animals in combination with 
compound "B*\ the amphfication of the above diort DNA ranges have 
significantly decreased and certain DNA fragments could not be 
detected. 

This means diat compound "B" protected the above genes 
firom AZT induced damages or at least significantly decreased diose 
damages. It is to be noted that die AZT induced artificial damages to 
the above genes can also occur as an effect of ischaemic 
cardiomyopathy or cardiomyopathy of aged people. 
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The cflfcct of the compounds of the formuhi I on inherited 
mitodiondrial cardiomyopathies. 

Test were carried out using inherited mitochondrial 
cardiomyopathic rats that were treated with a daily dose of 40 mg/kg 
of compound "B" for 14 days. The rat heart function was monitored 
by ECG. The ECG data obtained for the control group and the group 
treated with compound "B'' are shown in Table 7. Values are 
presented as die average of 3 measurements with ± standard 
deviation. 

Table 7 

The cflfect of compound "B" on die heart function of rats widi 
inherited mitochondrial cardiomyopathy 

Treatment RR PR QT(ms) J (mm) 

Control group 204+20 54±5 92±8 -1.0±0.l 
Compound ••B" 169+21 43+7 71+7 -0,3+0.1 



Tests were performed on rats with mherited cardiomyopathy 
which have abnormal heart fonctions. This fact can easily be seen 
from Table 7, These cardiomyopathic rats serve as a perfect model of 
isdiaemic cardiomyopathy and cardiomyopathy of aged people. As an 
eflfect of the 14 days' treatment widi compound "B", the animals' 
heart functions unproved significantly and theECG parameters moved 
back to the normal range. 
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The above tests show that the hydroximic derivatives of the 
fonnula I are able to protect the mitochondrial genom against various 
damages. In the case of the animal models used, they have virtually 
eliminated the AZT induced heait damages and this can bear a great 
significance in the human medical science considering that, at present, 
more dian a hundred thousand people are treated with AZT 
worldwide. 

Further important feature of the compounds is that in case of a 
developed cardiomyopathy (^ere the mitochondrial damages are 
sunilar to those of the ischaemic cardiomyopathy and the 
cardiomyopathy of aged people), they eliminate heart fimcdon 
abnormalities and restore the normal ECG parameters. 

Based on the above tests it can be said that the pharmaceutical 
compositions of the invention containing as active ingredient a 
compound of the formula I can protect the mitochondrial genom or 
the mitochondrium from damages, furthermore can treat diseases with 
ah-eady developed damages of that kind. 
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Claims 

I. A phannaceutical compoation for the protection of the 
mitochondrial genom and/or mitochondrium from damages or for the 
treatment of diseases connected with such damages, comprising 0, 1 to 
95 % by mass of a hydroximic acid derivative of the fonnula 

X R Y 




R'-A-C-N-O-CHi-CH-CHz-N 




v^erein 

represmts a hydrogen or a C1.5 alkyl group, 
R^ stands for a hydrogen, a C1.5 aDcyl group, a Cj-a cycloalkyl 
group or a phenyl group optionally substituted by a hydroxy 
or a phenyl group, or 
R* and R^ together with the nitrogen atom they are attached to fonn a 
5 to 8 membered ring optionally containing one or more 
fiuther nitrogen, oxygen or sulfur atom(s) and said ring can be 
condensed with another ahcyclic or heterocyclic ring, 
preferably a benzene, naphthalene, quinoGne, isoquinoUne, 
pyridme or pyrazoline ring, furthermore, if desired and 
chemically possible, die nitrogen and/or sulfiir heten)atom(s) 
are presmt m the form of an oxide or dioxide. 
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means a hydrogen, a phenyl group, a naphthyl group or a 
pyridyl group \^erem said groups can be substituted by one or 
more halo atom(s) or Cm alkoxy group(s), 

Y is a hydrogen, a hydro?^ group, a C1.24 alkoxy groiq> 

optionally substituted by an anouno group, a C2.24 pofyalkenyl* 
oxy group containing 1 to 6 double bond(s), a C1.25 alkanoyl , 
group, a C%J9 alkenoyl group or a group of the formula 
R^-COO-, wAierdn R^ represents a C>30 potyalkenyl group 
containing 1 to 6 double bond(s), 

X stands for a halo, an amino group, a Cm alkoxy group, or 

X forms with B an oxygen atom, or 

X and Y together ^vith the carbon atoms they are attadied to and the 
-NR-O-CH2 group being between said carbon atoms form a 
ring of the formula 

-C CH, a 



wherein 

Z rqiresents an oxygen or a nitrogen, 
R stands for a hydrogen or 
R forms with B a diemical bond, 

A is a Cm alkylene group or a chemical bond or a group of the 
formula 
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I I 

-(CH)„,-(CH),. b 

wherein 

K* represents a hydrogen, a Ci-s alkyl group, a Cm cycloalkyl 
groiqi or a phenyl group opdonally sobstituted by a halo, a 
Ci^ aUcoxy group or a C1.5 allqfl group, 
stands for a hydrogen, a Cm allqrl group or a phenyl groiqj, 
m has a value of 0, 1 or 2 , 
n has a vafaie of 0, 1 or 2, 
or a phatmacentknlly accqrtable acid addition salt Uiereof as the 
active ingredient m admixture widi one or more convrational 
cania<s). 

2. A pharmaceutical composition of Claim 1 in v/bidk die 
active ingredient is a compound of the formula 



K* R' 



R'-(CH)„-(CH)„-C-X 



N-0-CH2-CH-CH,-N 
1 

Y 



R' 



n 
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wherein K\ K\ K\ R^ R^ m and n are as stated in Claim 1, X 
represents a halo or an amino group, Y stands for a hydroxy group, or 
a phaimaceutica% accqitable add addition salt thereof 

3. A pharmaceutical composition of Claun 1 in vA^ch die 
active ingredient is a compound of die formula 



O OH 
R^-A-C-NH-O-Cft-CH^CHi-N 01 



wherein R' ^\ R^ and A are as stated in Claim 1, or a 
pharmaceutically acceptable acid addition salt thereof. 

4. A pharmaceutical composition of Claim 1 in which die 
active ingredient is a compound of the formula 

— CH. ^R- 
R'-A-C >H, IV 



wherein K\ R^ R' and A arc as stated m Chum 1. Z represents an 
oxygen or a nitrogen atom, or a pharmaceuticalty accqrtable acid 
addition salt thereof 

S. A pharmaceutical composition of Claim I m vMch the 
active ingredient is a compound of the formula 
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OR' OH 
R^-A-C-N-O-CHz-CH-CHj-N V 

^R^ 

wherem K\ K\ R^ and A are as stated in Claim 1, R"^ represents a C m 
alkyl group, or a pharmaceuticaOy accqitable acid addition salt 
thereof. 

6. A pharmaceutical conqiosition of Clahn 1 or 2 in vAidi the 
active mgredient is a compound of die formula II, v^erein R' and R^ 
logger widi the nitrogen atom they are attadied to fonn a pqieiidino 
group, m and n have the vahie of 0, X and Y aie as stated m Claim 2, 
or a pharmaceutically acc^table acid addition salt thereoE 

7. A phannaceutical compo^on of Claim 1, 2 or 6 in v^ch 
the active ingredient is (K3-piperidino-2-hydroxy-l-propyl)pyrid-3- 
ylhydroximic acid chloride or a pharmaceutically acceptable acid 
addition salt thereof 

8. A pharmaceutical composition of Claims 1, 2 or 6 in which 
the active mgredioit is (K3^qieridino-2-hydroxy-l-propyl)nicotinic 
amidoxime or a pharmaceutically acceptable acid addition salt thereof. 

9. The use of a conq>ound of die formula I, v^erem R, K\ R^ 
R\ X, Y, A and B are as stated in Claim 1, or a pharmaceutically 
acceptable add addition salt thereof optionally in admixture with one 
or more carriei(s) commonly used m phannaceutical composhions for 
preparing medicaments having ah activity m the protection of die 
mitochondrial genom and/or mitochondrium firom damages. 
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10. The use according to Claim 9 in ^^ch a conq)Ound of the 
formula II, vv^erein K\ R\ R^, R\ R^ X, Y, m and n are as stated in 
Claim 2, or a pharmaceuticany acceptable add addition salt thereof is 
used. 

11. The use according to Claim 9 in which a confound of die 
formula m, ^eran R\ R\ R^ and A are as stated in Claim 3, or a 
pharmaceutical^ accqitable add addition sah diereof is used. 

12. The use according to Claim 9 in vAidk a conq>ound of die 
formula IV, i^dierem R', R^ R^ A and Z are as stated in Claim 4, or a 
pharmaceutically acceptable acid addition sah thereof is used. 

13. The use according to Claim 9 m vMdk a compound of die 
formub V, v^erein K\ R^ R^, R^ and A are as stated m Chim or a 
pharmaceudcaOy accqitable add addition sah thereof is used. 

14. The use according to Claim 9 or 10 in ^^ch the 
substituents of a compound having the formula II or a 
pharmaceutically accq>table add addition sak thereof are R' and R^ 
which together with the nitrogen atom they are attached form a 
pqieridino group, m and n have the value of 0, whereas X and Y are 
as stated in Chum 2. 

15. The use accordmg to any of Clahns 9, 10 or 14 in vMA 
the compound of formula I or n is 0-<3iPQ>eridmo-2-]iydroxy-l- 
propyl)pyrid-3-y]hydroximic add chloride or a pharmaceuticaUy 
acceptable add addition salt thereof 

16. The use according to any of Chums 9, 10 or 14 in whidi 
the compound of formula I or 11 is 0-{3-pq)eridino«-2-hydroxy-l* 
propyI)nicotinic amidoxime or a phaimacradcalfy accqvtable acid 
addition sah thereof 
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17. The use of a compound of the formula I, vs^erein K\ 
R% R^, X, Y, A and B are as stated in Claim I, or a pharmaceutically 
acceptable acid addition sah thereof^ optionally in admixture with one 
or more carTier(s) commonly used in pharmaceutical compositions for 
preparing a medicament for die treatment of diseases connected with 
the damage of the mitochondrial genom and/or nutodiondiium. 

18. The use according to Claim 17 in ^/^ch die medicament is 
used for the treatment of myopathy and/or cardiomyopadiy. 

19. The use according to Claim 17 m which the medicament is 
used for the treatment of neurodegenerative diseases especially 
Alzheimer's disease, Parkmson's disease or Huntington's disease. 

20. The use according to any of Claims 17 to 19 in wfaidi a 
compound of the formula D, wherem K\ R^ R^ R^, R^ X, Y, m and 
n are as stated in Claim 2, or a pharmaceutically acceptable acid 
addition salt thereof is used. 

21. The use according to any of Claims 17 to 19 in which a 
compound of the formula HI, wherein R\ R\ ^ and A are as stated 
in Claim 3, or a pharmaceuticalty acceptable add addidon sah thereof 
is used. 

22. The use accordmg to any of Chums 17 to 19 in Mdiich a 
compound of the formuh IV» u*ercin R\ R^, R\ A and Z are as 
stated in Chum 4, or a pharmaceudcal^ acceptable add addidon sah 
thereof is used 

23. The use according to any of Clahns 17 to 19 in which die 
substituents of the compound of formuk V or a pharmaceudcaDy 
acceptable add addidon sak thereof R^ R^» R^, R^ and A are idendcal 
with the substituents stated m Claim S. 
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24. The use according to any of Oaims 17 to 20 in which the 
substituents of the compound of fonnula II or a phannaceutically 
acceptable add addition salt thereof are and vMdk togedier widi 
the nitrogen atom diey are attadied form a pqieridino group, m and n 
have the value of 0, \sAereas X and Y are as stated in Claim 2. 

25. The use according to any of Claims 17 to 20 and 24 m 
which the compound of fonnula I and 11 is 0-(3-piperidino-2- 
hydroxy-l-propyl)pyrid-3-ylhydroxmiic acid chloride or a 
phannaceutically acceptable add addition salt thereof. 

26. The use according to any of Claims 17 to 20 and 24 m 
^^ch the compound of fonnula I or H is 0-{3^q)eridino-2-hydroxy- 
I-propyl)mcotinic amidoxime or a phannaceutically accqitable add 
addition salt thereof 
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